Astronauts, suction, and upside down rainbows : a look at misconceptions in the science classroom : an honors thesis (HONRS 499) by Arch, Amy E.
--
-
, 
y-- '-
":! ).1-;:. ... ) 
,.... 1 ~-
':.~ '-"':; 
.. )1 '/,:-; 
ABSTRACT 
Astronauts, Suction, and Upside Down Rainbows: 
A Look at Misconceptions in the Science Classroom 
A scientific misconception is an idea held by an individual which is not 
sCientifically accurate. Students develop misconceptions as their prior 
knowledge becomes confused and distorted, yielding ideas which are mostly, 
but not entirely, correct. These misconceptions are then brought to the 
classroom where they influence the students' ability to learn and understand the 
material being presented. This paper focuses on some of the more commonly 
found misconceptions in the science classroom. Also included is a discussion of 
how teachers can identify and correct the misconceptions that their students 
bring to the classroom 
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-A man and a small child are walking along the shore of a 
lake on a beautiful sunny afternoon. The child looks up at the sky 
in amazement and wonder and then turns to the man. With a 
quick smile and eager tug on his jacket, she asks, "Why is the sky 
blue?" 
The man looks at her carefully for a moment before 
responding. Then, carefully, he begins to speak. 
"The sky is blue because the water is blue. Ught bounces 
off of the water and hits the sky, making the sky look blue." 
The child gazes into his eyes, considers his response, then 
asks, "But then why isn't it blue on rainy days?" 
Chuckling softly, he pats her head and says, "On rainy days, 
the sunlight can't make it through the clouds, so it can't bounce off 
of the water to make the sky look blue!" 
The child nods her head, giggles, and then runs along the 
shore, confident that she now knows why the sky is blue. 
What is a scientific misconception? 
A scientific misconception is an idea held by an individual that is not 
scientifically accurate. Misconceptions often contain bits and pieces of scientific 
truth, but these fragments do not construct a valid statement or idea. 
Misconceptions may arise from selective retention of previously learned ideas, 
incorrect interpretation of experiences, or false information. One of the key 
characteristics of a misconception, however, is its reasonableness. 
In the above story, the man's explanation certainly makes sense even 
though it is incorrect. The water does look blue, and it is not unreasonable to 
think that the sky could "pick up" the color of the water. Misconceptions are 
often easily accepted because they seem to offer a simple, concise explanation 
for the situation at hand. Even if a misconception fails to explain a particular 
occurrence, a person can easily dismiss such happenings as "quirks", or 
perhaps compound the misconception by adding more incorrect facts to it. This 
is what the man in the story was able to do when the little girl questioned him 
about rainy days. In this way, the misconception gains even more credibility 
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and becomes deeply seated in a person's mind. Unfortunately, once a 
misconception has been accepted by an individual, it becomes difficult to dispel. 
Where do misconceptions come from? 
Misconceptions have a number of sources, but they most often arise from 
oversimplified explanations of natural phenomena. Adults are used to giving 
children partial explanations or analogies when explaining something. The 
children are supposedly not old enough to understand a complete explanation, 
so adults feel justified in simplifying things for them. In the story of the man and 
the little girl, the man could very well know the correct explanation for the color 
of the sky, but he perhaps assumed that the incorrect explanation would be 
easier for the little girl to understand. It is taken for granted that the children will 
eventually learn the correct explanation. Unfortunately, a vital fact is 
overlooked. In most cases, a child will cling to a well accepted misconception 
and refuse to abandon it even in the presence of a correct explanation. Hence, 
the misconception is not replaced with correct information in the mind of the 
child. 
Another common source of misconceptions is selective retention on the 
part of a student. Throughout the learning process, a student is constantly 
evaluating the importance of the information he is receiving. The information 
that is deemed important is committed to memory and studied while the rest is 
simply reviewed or disregarded entirely. In the course of this prioritization, many 
seemingly unimportant facts are lost, and several similar concepts may be 
consolidated into one. Definitions lose qualifiers and explanations of various 
physical phenomena become so generalized that one cannot distinguish 
between their basic characteristics. The end result is a series of ideas which are 
incorrect or incoherent despite the fact that they contain pieces of valid 
information. 
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The source of a misconception is not always obvious. Sometimes a 
student simply draws his own explanation from the observations he has made or 
the information he has encountered. Once again, the misconception will give a 
satisfactory explanation of an event, and will probably contain a small amount of 
scientific truth. These types of misconceptions can be the most difficult to dispel 
since they are the result of a logical deduction on the part of the student. 
No matter what the source of the misconception is, it is important to keep 
in mind that it is deeply imprinted in the mind of the student. Because a 
misconception is usually based upon valid information and may differ only 
slightly from the correct explanation, a student may not even recognize the 
inconsistency between his explanation and the correct one. In other cases, the 
misconception is easier to understand and accept, causing the student to 
become hostile toward the more difficult and confusing explanation. Why learn 
somethin9 the hard way when you are satisfied with learning it the easy way? 
The only effective way to dispel a misconception is to prove to the student, 
beyond a shadow of doubt, that his ideas do not correctly explain a 
phenomenon or do not make sense in every situation. For some, a simple 
demonstration may be sufficient enough to dispel the misconception, but most 
students will require more proof from their instructors. 
How can a teacher deal with misconceptions in the classroom? 
Many misconceptions are allowed to flourish simply because they are 
never discovered. A teacher does not commonly question a student as to how 
he arrived at an incorrect answer or conclusion. Rather, the student's answer is 
marked wrong and the lesson continues. The student's misconception is not 
challenged and he is not required to consider the correct explanation. 
Consequently, the misconception remains. 
In order to challenge and correct misconceptions, a teacher must first be 
aware of the misconceptions that her students have brought to the classroom. 
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The best way to discover these misconceptions is to confront the students 
directly and find out what they are thinking. When a concept is introduced, the 
teacher needs to ask the students to share what they know about the concept. 
In this way, she becomes aware of both the existing misconceptions and the 
valid information that the students have. This enables the teacher to customize 
her instnlction to address the specific misconceptions that her students have 
presented. 
Additionally, when a student is having difficulty understanding a topic, the 
teacher should ask the student to explain it to her. Often a student's difficulty is 
linked to previously developed misconceptions, and incorrect answers have a 
logical basis in the mind of a student. If the teacher can avoid instructing the 
student at this point and simply listen to his explanation, various misconceptions 
may be exposed. Once the nature of the misconceptions has been revealed, the 
use of carefully constructed questions can force the student to think about what 
he is saying, prove to him that these misconceptions are false, and guide him to 
a correct explanation. 
Communication between the teacher and student is essential. A teacher 
cannot possibly correct misconceptions until she knows what they are. 
Students should be encouraged to express their own ideas in the classroom, 
and incorrect or inaccurate statements should not be attacked. Misconceptions 
must be dealt with openly, and the students should be actively involved in the 
correction of these misrepresented ideas. Through carefully constructed 
demonstrations and activities, a teacher can correct misconceptions in a 
convincing manner without challenging the credibility of the student. 
How can a teacher identify misconceptions? 
The use of a survey is one of the most efficient ways to identify the 
misconceptions held by students. A teacher cannot be expected to have the 
time or resources to interview and question every student about every topic 
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which is to be covered. She can, however, easily administer a survey which 
requires the students to respond to questions or prompts which are related to 
commonly held misconceptions. 
What types of surveys may be used? 
Appendix A contains two types of surveys which were written by Dr. 
James W.atson, Jr. of Ball State University for the purpose of identifying scientific 
misconceptions. Dr. Watson routinely administers these surveys to 
undergraduate education majors in his classes and to licensed educators 
involved in continuing education workshops. The questions were selected 
based upon his experiences with students and his knowledge of the more 
commonly seen misconceptions. 
The first survey gives the student an opportunity to provide his own 
definitions for several physical concepts. This type of free response often 
reveals unusual notions or unique ideas held by the student, giving the teacher 
advanced knowledge of possible difficulties to be encountered when the topic is 
discussed. Additionally, this type of survey will clearly highlight any particular 
misconception which is widely accepted among the students in a class. 
Unfortunately, the format of this survey requires a substantial time commitment 
for the teacher. In order to effectively use this instrument, each response should 
be carefully read and any commonly observed or blatantly unusual 
misconceptions should be noted by the teacher. Appendix B contains a 
summary·o1 selected student responses to this survey. 
The second survey is much easier for the teacher to use, and the results 
may be quickly interpreted. In this case, students are simply asked to respond 
to multiple choice questions which deal with a variety of physical concepts. The 
use of this type of survey, however, has its own difficulties. The questions and 
responses are chosen and structured by the teacher, thereby not allowing the 
student to express an idea that is not represented by the answer selections. 
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Students may also be intimidated by the test format that this survey employs, 
and guessing answers is always a factor when dealing with multiple choice 
questions. 
A word of caution to the teacher is warranted at this point. No matter 
what tYPE! of survey is used, a student's grade should not be affected by his 
answers. A student should not be punished for the quality of his prior 
knowledge, nor should he feel uncomfortable sharing his knowledge with the 
teacher. 
What are some of the more commonly seen misconceptions? 
Appendix C contains a summary of results obtained after administering 
the survey found on pages A-2 - A-5. The survey was administered at Ball State 
University by Dr. James Watson, Jr. Those results listed span the years 1990-
1995, and three separate groups of students are represented. The prefix P101 
refers to an undergraduate physics course entitled "Physical Science Concepts 
for Teachers" , and enrollment is restricted to elementary education majors. 
S395 is "Teaching of Science in the Secondary and Junior High/Middle School". 
Students in this class are undergraduate secondary education majors who will 
be licensed to teach physical science and/or physics. Finally, the prefixes P691 
and P693 are graduate level classes offered to licensed teachers as a 
workshop course in the summer. 
Based upon the results of this survey, several commonly held 
misconceptions can be identified. Several of these misconceptions have been 
selected for further discussion. 
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Mass vs. Weight 
Mass is defined to be the amount of matter in an object. It is a physical 
quantity and a characteristic of an object that does not change. Weight is 
defined to be the force acting upon an object due to gravity. The weight of an 
object is proportional to its mass, but mass and weight are not the same 
quantity. Mathematically speaking, the weight of an object (W) is equal to the 
mass of the object (m) multiplied by the acceleration due to gravity (g). This 
formula, W = mg, is a specific application of Newton's Second Law: F = ma 
(Force equals mass times acceleration). Hence, more massive objects will 
weigh more than less massive objects when compared at the same location. 
The weight of an object changes depending upon where the 
measurement is taken. For instance, a person weighs less on the moon than on 
the earth because the acceleration due to gravity is greater on the earth than 
on the moon. The mass of the object, however, remains the same. To measure 
the weight of an object, one need only measure the force pushing down upon 
that object. A scale is commonly used for this purpose. The standard units for 
force, and therefore weight, are pounds (English system) and Newtons (metric 
system). 
To measure mass, one must find a way to disregard the acceleration due 
to gravity. A balance will accomplish this. When two objects are balanced, the 
forces acting upon the two are equal, so the two objects must have equal 
masses, regardless of what the gravitational acceleration is at that location. A 
laboratory balance allows a person to compare an unknown mass to a known 
mass that has been calibrated for the balance. Thus, a balance measures mass, 
not weight. The standard units for mass are slugs (English system) and 
kilograms (metric system). 
Page 8-1 lists some of the definitions for mass given by elementary 
education students filling out the survey on page A-1. The definitions contain a 
variety of ideas relating mass to size, volume, area, weight, density, and even 
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-"quantity of motion". Very few of the students appear to have a clear conceptual 
notion about what mass is. 
Pages C-7 - C-8 give a summary of responses to multiple choice 
questions dealing with the definitions of mass and weight. Although the majority 
of secondary education students and licensed teachers chose the correct 
definition for mass, a majority of the elementary education students defined 
mass as the space that an object occupies. Dr. Watson has speculated that this 
particular misconception may be linked to the definition of matter. Matter is 
defined als anything that takes up space and has mass. The students could be 
remembering this association between mass and volume and incorrectly linking 
the two as one. Elementary education students would be more likely to hold this 
misconception because most of them have not taken previous physics courses. 
There are at least two other commonly found misconceptions concerning 
mass and weight. The first involves the use of improper units for these 
quantities. It is a widespread practice to assign the units of grams or kilograms 
when discussing weight. Just glance at the label on almost any food item and 
you find the net weight given in pounds (or ounces) and grams. While the 
pound is an appropriate unit to assign for weight, the gram and kilogram are 
units of mass. This misconception is deeply rooted and accepted in the United 
States, and it is difficult to find the correct aSSignment of metric weight units 
outside of a physics textbook. 
Children's literature in particular encourages this misconception. Listed 
below are quotations from several sources attempting to explain the concept of 
mass and weight. 
• "A pound is a standard weight in the United States, Canada, and many other 
countries. The pound is compared with a special piece of metal kept in 
Franoe. This piece of metal weighs one kilogram." (Srivastava, 18) 
Mass 
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• " ... a spacesuit that weighs 183 Ibs (83 kg) on earth weighs 31 Ibs (14 kg) on 
the moon. n (Walpole, 6) 
• "In France and many other countries grams and kilograms are the standard 
weights."(Srivastava, 19) 
• "The basic unit of weight is the gram." (Davis, 14) 
• "Mass is measured in kilograms or pounds." (Ward, 8) 
In the first two quotations, the kilogram is described as the unit of weight 
equivalent to the pound. In the third and fourth, kilograms are implied to be units 
of weight. Finally, in the fifth quotation, the author correctly chooses the 
kilogram as the metric unit for mass, but then incorrectly states that the pound is 
also a unit of mass. 
Another common mistake is the assumption that mass and weight are 
equivalent quantities. For example, consider the following: " ... the kilogram is 
used to measure larger weights (masses)" (Branley (2),22). In a mathematics 
textbook, a lesson on mass was given the heading "Mass (Weight)" (Harcourt 
Brace Jovanovich). Exercises in the Addison Wesley Mathematics textbook 
series use kilograms and grams as units of weight, and the gram is defined as a 
basic unit of weight. The Scott Foresman and Company Exploring Mathematics 
textbook series uses the terms mass and weight interchangeably depending 
upon the grade level. Houghton Mifflin assigns the correct units for the 
quantities of mass and weight, but mass is defined incorrectly as a metric 
measure of how heavy something is. In general, "heavy" and "light" refer to an 
object's weight. Additionally, metric units for weight are not given in any of these 
textbook series, nor are the English units for mass. 
Of course, there are always unusual ideas to be found in misconceptions. 
As a final example of how peculiar some misconceptions may seem, consider 
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-the following: " ... the unit of mass, or weight at sea level, is the kilogram." 
(Branley (2),31) It should be noted that mass has absolutely nothing to do with 
elevation. One can only speculate as to where the author developed this idea. 
Suggested Activities: 
In order to correct some of the more commonly held misconceptions about 
mass and weight, a teacher may experiment with some of the following 
acitivities .. 
1. Have students collect examples of the incorrect use of mass units on 
food packaging and in books. 
2. Have students find their masses and weights and compare the two 
quantities. 
3. Have students research the history of the term mass and challenge 
them to find the English unit for mass. 
4. Give students a balance and have them experiment with air filled 
balloons and water filled balloons, empty shoe boxes and shoe boxes filled with 
lead, empty glasses and full glasses, etc. to explore whether or not size 
determines the mass of an object. Additionally, students could weigh each item 
and determine the relationship that exists between the mass and weight of an 
object. 
5. Give students a balance and several objects that have equal masses 
but drastically different volumes or shapes. Ask the students to determine 
whether or not size, area or volume affect the mass of an object. 
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10 
-Weightlessness 
Ask any group of children why astronauts seem to float in space. They 
will probably say that the astronauts are weightless and they float around in the 
spacecraft because there is no gravity, or zero gravity, out in space. Similarly, 
a children's story book explains that "astronauts float about in their spacecraft 
because there is little gravity to pull them down." (Walpole, 6) Unfortunately, 
both of these are incorrect explanations, but they are widely accepted because 
they are reasonable and can adequately explain the phenomenon at hand. After 
all, gravity is the only thing "holding" us to the Earth, so it seems logical to 
assume that if you are no longer on Earth, there is no gravity. Zero gravity in 
space is one of the most commonly seen misconceptions in the classroom, and it 
appears to have two primary origins. 
First, students do not have a clear understanding of what gravity is. 
Pages 8-2 - 8-3 list some definitions of gravity provided by elementary 
education majors. Included in these definitions are several referring to a pulling 
force of the earth, the atmosphere, or a magnetic field, and a few refer to a force 
that keeps one from floating away. All of these definitions indicate an intuitive 
notion of what gravity is, and the latter is consistent with the concept of 
astronauts floating, but none of these are entirely accurate. 
Gravity is a "force of attraction between two objects", or more specifically, 
two masses (Hewitt, 134). Anything with mass exerts a force of attraction on 
other masses around it. The strength of this force of attraction is directly 
proportional to the masses of the two objects attracting each other and inversely 
proportional to the square of the distance between them. Mathematically, the 
formula for the force of attraction between two objects is given by 
Weightlessness 
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where G is the gravitational constant, m1 and m2 are the masses of two objects, 
and r is the distance between those objects. Although this formula may seem 
complicated, the basic notion is that more massive objects will have a stronger 
attraction, and the force of that attraction will greatly decrease as the distance 
away from the object increases. Gravitational attraction is a basic property of 
every object in the universe, and is not restricted to the planet earth. It is the 
force that draws humans to the ground and keeps the planets in orbit. 
Refer to pages C-18 - C-19 for the results of survey questions concerning 
gravity. A majority of the elementary education students and more than a third of 
the secondary education students responded that gravity extends only to the 
edge of the atmosphere. Likewise, more than 90% of elementary education 
students and 78% of inservice teachers responded that there is very little or no 
gravity out in space. These numbers indicate a misunderstanding of the 
fundamental nature of gravity. Gravity is a consequence of mass, not a 
characteristic of Earth's atmosphere. Space contains masses, therefore gravity 
exists out in space. It is true that the force of the Earth's gravitational attraction 
will become weaker as one moves away from the Earth, but the height of an 
orbiting spacecraft is too small to significantly weaken this force. In fact, an 
astronaut would have to reach a height of approximately 8000 miles above the 
surface before his weight would reach 1/4 of his "earth weight". 
So if there is gravity in space, why are the astronauts floating? The 
answer to this is directly linked to the concept of gravity. Astronauts in orbit are 
in free-faU, giving the appearance that they are floating. (Free-fall refers to the 
situation which occurs when an object has no support force or reference force 
acting upon it.) When a spacecraft is sent into an orbit, the shape of that orbit is 
precisely determined to match the curvature of the Earth. As the spacecraft 
reaches its final position in orbit, the rocket boosters are shut off and the craft 
begins to fall back toward the Earth due to gravity. Since the path it follows as it 
falls matches the curvature of the Earth, the surface of the Earth seems to be 
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-"falling away" as the spacecraft falls towards it. Hence, the astronauts are 
continuously falling, never reaching the surface of the Earth. Since gravity is 
keeping them in motion, astronauts do not need to use rockets or any other 
propelling devices while in orbit. Such instruments are only necessary for 
reaching and then leaving orbit. 
The moon is also in orbit around the Earth, and like the astronauts, it is in 
free-fall around the planet. Sir Isaac Newton was one of the first scientists to 
hypothesize that the moon was falling around the Earth, and the following is a 
conceptual discussion of Newton's reasoning. 
"He (Newton) compared motion of the moon with a cannonball fired from 
the' top of a high mountain. He imagined that the mountaintop was above 
the earth's atmosphere, so that air resistance would not impede the 
motion of the cannonball. If a cannonball were fired with a small 
horizontal speed, it would follow a paraboliC path and soon hit the earth 
below. If it were fired faster, its path would be less curved and it would hit 
the' earth farther away. If the cannonball were fired fast enough, Newton 
reasoned, the parabolic path would become a circle and the cannonball 
would circle indefinitely. It would be in orbit. 11 (Hewitt, 135). 
A misunderstanding of gravity is not, however, the only origin of 
misconceptions about astronauts. Another common origin is the use and misuse 
of the term "weightlessness". When United States astronauts first began orbiting 
the planet, the term weightlessness was used by NASA to describe the free-fall 
sensation the astronauts were experiencing. When taken literally, the term 
weightlessness is not appropriate for this situation. Weight is a measure of the 
gravitational force acting on an object, and since astronauts are still affected by 
gravity, they still have a weight. The more appropriate term would be "apparent 
weightlessness" (Hewitt, 152). A person feels his weight only when there is 
some supporting force beneath him, like a floor. The astronauts are falling, so 
there is nothing to support them. Consequently, they do not feel their weight 
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-while the~' are in orbit. Unfortunately, the use of the term weightlessness has led 
many people to the erroneous belief that there is no gravity in space. 
Suggested Activities: 
In order for students to understand why astronauts "float" in space, they 
must first understand the concept of gravity and then study the concept of an 
orbit. The following activities may be used to help accomplish this goal. 
1. As an extension of a discussion of Newton's Third Law, have students 
discuss a person's gravitational attraction. Does the Earth fall towards you? 
Why aren't objects attracted to you as much as they are to the Earth? This can 
be built into a discussion of orders of magnitude and the difference between 
the mass of the Earth and the mass of a person. 
2. Have students calculate what their weight would be if they were in orbit 
around the earth. What would their weight be on the moon? 
3. To demonstrate "weightlessness" try some of the following 
demonstrations and experiments. 
A. Hang a mass from a spring scale, lower the scale quickly. What did 
the scale read during "free fall"? 
Weightlessness 
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B. Punch two holes opposite each other in a Styrofoam cup. Fill the cup 
with water until the water level is above the holes. Let the water flow out 
of the holes for a moment and then drop the cup. Did any water come out 
of the holes during the fall? Why?? Compare this to the astronauts 
inside their vehicles. 
C. Show films from NASA about life in space. Gather information or 
show films about the "vomit comet", an airplane used by NASA to 
simulate apparent weightlessness and train astronauts. This will 
demonstrate to students that the astronauts can "float" while still in the 
earth's atmosphere and illustrate that this floating has nothing to do with 
zero gravity. 
D. As an activity for students to do outside of class, have them take a 
bathroom scale into an elevator. Ask them to stand on the scale and note 
their weight on the scale as the elevator goes up, comes down, and 
remains still. Have them relate this to apparent weightlessness and 
acceleration. 
Weightlessness 
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Seasons, Day and Night 
What causes seasons? 44.11 % (page C-5) of elementary education 
students responded that the Earth's distance from the Sun is the cause of 
seasons, as did 23.81 % of the secondary education students. In actuality, it is 
the tilt of the Earth's axis which causes seasons. As the Earth travels around 
the Sun, its axis always pOints in the same direction. During part of Earth's 
orbit, the Northern Hemisphere is pointed toward the Sun. This period of time is 
summer for the Northern Hemisphere and winter for the Southern Hemisphere. 
Later in the orbit, the Southern Hemisphere will be pointing toward the Sun, 
giving summer to that hemisphere and winter to the Northern Hemisphere. 
The tilt of the Earth's axis and the curvature of the surface both affect the 
amount of sunlight per unit of area on the surface, and this accounts for the 
seasonal and regional temperature changes on the planet. At the equator, 
sunlight strikes the surface "straight on"; the path of the sunlight and the surface 
of the Earth are at nearly right angles to each other. As one moves away from 
the equator, however, the surface curves away from the Sun, and the sunlight is 
striking the surface at some angle. The sunlight in these areas is spread over a 
larger area due to the curvature, and the climates are cooler. In the same way, 
when regions of the Earth are pointed toward the Sun due to the tilt of the axis, 
the sunlight strikes more directly, or at a smaller angle, giving these regions 
summertime. It is important that students understand that the angle at which the 
sunlight hits the surface (angle of incidence) is due to the curvature of the Earth 
and the tilt of the axis. The sunlight itself is not bending or curving, but follows a 
straight line. 
The belief that the Earth's distance from the Sun is the cause of seasons 
may be based upon diagrams of the elliptical orbit of the Earth. It is common for 
textbooks to pOint out to students that the Earth does not follow a perfectly 
circular orbit, but rather follows a slightly elliptical orbit. The Earth is indeed 
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-closer to the Sun at some points than others in its orbit, but this change in 
distance is not great enough to significantly affect the temperature of the Earth. 
Unfortunately, diagrams of the orbital path are sometimes exaggerated, showing 
the Earth at drastically different distances from the Sun, following a highly 
elongated elliptical path. It is logical for students to conclude that if the Earth is 
that much closer to the Sun, the temperature must be higher, and it must be 
summertime then. Once again, we find a misconception that is based upon valid 
facts and is reasonable. (Video: A Private Universe) 
A similar misconception exists concerning what causes day and night. 
Nearly 30% of the elementary education students and 14% of the secondary 
education students (C-4) believe that the Earth moving around the Sun is the 
cause of night and day. The correct answer is that the rotation of the Earth 
causes night and day. Students responding incorrectly to this question are more 
than likely confusing the explanation of seasons with the explanation of day and 
night. This illustrates the difficulty encountered when a student simply 
memorizes an answer without developing a conceptual understanding of the 
material. 
Seasons 
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Suggested Activities: 
These activities can help students develop an understanding of the cause 
of seasons, while helping them distinguish this from the cause of day and night. 
1. Draw a scale diagram of the orbital path of the Earth. An accurate 
diagram will clearly illustrate that the Earth's orbit is nearly circular and any 
changes in the distance to the Sun are insignificant. 
2. Use a concrete model to demonstrate the position of the Earth and its 
axis as it revolves around the Sun. Set a lamp on a desk, tilt a classroom globe 
at some angle, and have the students analyze the incidence of the light on the 
surface as you walk the globe around the lamp in a "revolution". Have the 
students describe the seasonal patterns of both hemispheres during a single 
revolution. Discuss the length of time required for each revolution of the Earth. 
3. Using the above model, rotate the globe to demonstrate the cause of 
night and day. Discuss the length of time required for each rotation of the Earth. 
4. For students who believe that the Earth's distance from the Sun 
causes seasons: explain to the student that when it is summer in the Northern 
Hemisphere, it is winter in the Southern Hemisphere. Ask him how his model 
could explain this. 
5. To demonstrate angle of incidence and light per unit area, shine a 
flashlight on the chalkboard. Have students note the intensity of the "sunlight" at 
different locations of the board. Change the angle of the flashlight. How does 
angle of incidence affect the size of the lighted area? What happens to the 
intensity of the light as it covers a greater area? Relate to Earth's tilted axis. 
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Density and Buoyancy 
The concept of density is often difficult for students to grasp, in part 
because it involves a combination of the two distinct physical characteristics of 
mass and volume. Density is defined as the mass of an object divided by the 
volume of the object. 
Conceptually, density is a description of how tightly packed the molecules 
of an object are, and this characteristic can be used to determine whether an 
object will float when placed in a fluid. An object will float in a liquid if the 
density of the object is less than the density of the fluid. The denSity of water at 
room temperature is 1 gram per cubic centimeter. Hence, using the same 
system of units, an object will float in water if its density is less than one, sink if 
its density is greater than one, and remain suspended if its denSity is equal to 
one. 
When most students are first asked the question, "Why do some objects 
float in water?", their initial reaction is to respond that only light objects will float 
in water. Obviously, students have made the observation that heavy objects 
normally sink in water while light objects normally float. For example, heavy 
stones sink to the bottom of a lake, but flotation devices and rafts are usually 
light. Therefore, they naturally arrive at the conclusion that mass has 
something to do with an object's ability to float. Unfortunately, the concept of 
volume often does not enter into the criteria for flotation in most students' minds. 
Pages B-6 - B-7 list some student definitions for "float". Several refer to 
an object overcoming gravity or otherwise not experiencing a gravitational pull. 
This is perhaps linked to the earlier discussed misconception involving the 
apparent weightlessness of astronauts and the belief in zero gravity. Three 
definitions mention air holes or hollow centers, generating images of inflatable 
toys or rafts. Most of the remaining definitions describe floating objects as 
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resting on the surface of water or being lighter than water. None of these 
mention the volume of an object as a factor to be considered. 
Curiously, however, when these same students were given a multiple 
choice question asking why some objects float in water while others do not, over 
58% of them chose the correct answer of "more or less dense than water" (See 
page C-12). This discrepancy is perhaps an indication of a faulty conceptual 
understanding of density. A majority of the students know that the density of an 
object determines its ability to float, yet they do not link the concept of density to 
volume. They are not identifying density as a ratio. Once again, a probable 
source of this misconception is the experience a student has had with heavy and 
light objects in water. 
Children's scientific literature is often reluctant to define denSity as the 
ratio of mass to volume. This could be due to the reputation that division has for 
being a difficult concept to master. Regardless of the motivation, any attempt to 
define density without discussing ratios becomes an oversimplified, and often 
incorrect, explanation. One book uses the following definition: "Every 
substance has something we call density, which has a similar meaning to 
'thickness'" (Ward, 14). Thickness has very little to do with density, other than 
the fact that it could be considered as one of the three dimensions used to 
calculate an object's volume. A second book confuses density with weight when 
it explains that "salt water is heavier than fresh" (Niese, 31). Although it is true 
that a given volume of salt water will be heavier than an equal volume of fresh 
water, the statement as it stands makes no reference to volume and is therefore 
inaccurate. In both of these examples, the concept of density as a ratio has 
been lost, and no reference has been made to either mass or volume. 
Closely related to density is the concept of buoyancy and fluid 
displacement. An object that is floating in a fluid displaces some volume of 
water and is experiencing a buoyant force. Archimedes' Principle states that "an 
immersed object is buoyed up by a force equal to the weight of the fluid it 
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-displaces"(Hewitt, 271). A second principle states that an object submerged in a 
fluid will displace an amount of fluid equal in volume to the volume of the object. 
Often, these two principles are confused and combined to form powerful 
misconceptions concerning submerged and floating objects. 
Part of the confusion concerning these principles is due to the use of the 
words immersed and submerged. Immersed is used to describe an object that is 
either partially or entirely submerged, so Archimede's Principle may be used to 
describe objects floating in a fluid as well as objects which have sunk. The 
second principle, referring to the volume of fluid displaced, applies only to 
objects which are completely submerged and cannot be used to describe the 
behavior of floating objects. Therefore, an object that is floating is not 
displacing a volume of fluid equal to its own volume. Only a submerged object 
will behave in this manner. 
Many students also confuse equal volumes of displaced fluids with equal 
weights of displaced fluids. According to Archimede's Principle, an object in a 
fluid will experience a buoyant force equal to the weight of the fluid it displaces. 
Many students misinterpret this to mean that the weight of fluid displaced by an 
object is always equal to the weight of the object. This is the case only when the 
object is floating. If the object is not floating, its weight is greater than the 
buoyant force and is therefore greater than the weight of the displaced fluid. 
The buoyant force is always equal to the weight of the displaced fluid, but is 
equal to the weight of the object only if the object is floating. 
Once again, children's scientific literature sometimes perpetuates this 
misconception. Table Top Science incorrectly states that "when something is 
put into water, it pushes some of the water out of the way (displaces it). It will 
push aside an amount of water equal to its own weight". Since the author did 
not specify floating objects, this explanation is incorrect. To further complicate 
matters, the paragraph continues with the statement "if the weight of the 
displaced water is less than the weight of the object, the object will sink"(Fisher, 
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32-33). Although this second statement is correct, it is a direct contradiction of 
the first statement which said that an object always displaces an amount of water 
equal to its own weight. 
Suggested Activities: 
Listed below are some activities which may help students grasp the 
concepts of density, buoyancy, and displacement. 
1. For students who believe that mass alone determines an object's 
ability to float, ask the class to consider naval and cruise ships. How can 
something that heavy float? 
2. To emphasize the role that volume plays in density, give students 
several objects which have equal masses but drastically different volumes. 
Have them place these objects in a tub of water. Why don't all of the objects 
float? How are the objects the same? How do the objects differ? 
3. In order to demonstrate that the density of an object is not necessarily 
equal to the denSity of the material it is made of (as is the case with ships), try 
the following experiment. Have students take a piece of clay and find its density. 
The ball of clay will sink in water, so its density is greater than 1 gram per cubic 
centimeter. Now have the students create canoes from the balls of clay. It is 
possible to create clay boats that will float. How can this be if the density of clay 
is greater than that of water? Has the mass of the clay changed? Is the volume 
of the boat greater than, less than, or equal to the volume of the clay? Why? 
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How does this affect the density of the boat? Have students apply this to ship 
building and explain how steel ships are able to float. 
4. Many students try to find the volume of a floating object by measuring 
the volume of water displaced by the object. The following activity will 
demonstrate that this method is invalid for floating objects. Give the students 
several small blocks, each made of a different material, such as wood, 
aluminum, steel or lead. Have them measure the dimensions of each block and 
calculate the volume. Next, have them drop each block, individually, into a 
graduated cylinder filled with water. Have them record the volume of water 
displaced by each block. Note that the blocks that sunk displaced a volume of 
water equal to the block's volume while the floating blocks displaced a smaller 
volume of' water. 
5. Give students a 5 cm by 5 cm piece of aluminum foil and a small 
bucket of water. Have them place the foil on the surface of the water. Does it 
float? Fold the foil in half and put it back on the water. Does it still float? Have 
the students continue folding the foil into smaller pieces and testing it on the 
water. Eventually, it will sink. Ask the students to describe why the foil finally 
sank. Does mass alone determine whether or not an object will float?? 
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Suction and Pressure 
One of the most interesting scientific misconceptions deals with the idea 
of suction. This term is commonly used to describe several physical phenomena, 
yet the term suction does not exist in the scientific vernacular. Any situation 
which can be described with the word suction can more appropriately be 
described with the words "pressure difference". The phenomenon known as 
suction is nothing more than the motion of substances or objects in response to 
a pressure difference. Things naturally move from areas of high pressure to 
areas of low pressure, and the term suction is often applied when this motion is 
particularly noticeable. There is, however, no such thing as a "suction force". 
Certainly, there is no harm in using the word "suction" if a student 
understands that the term is being used to describe a difference in pressure. 
Unfortunately, the word suction has developed a powerful connotation that is not 
scientifically accurate. The term suction has evolved in such a way that it now 
implies a vacuum, or at the very least, some sort of mysterious force that draws 
substances into an object or area. Consider the more common applications of 
the term: drinking straws, vacuum cleaners, suction cups. The usual scientific 
deduction in each of these cases is that there is some force being exerted to pull 
objects toward a source. In reality, the force is of a pushing nature, not a pulling 
nature. The direction in which the substances move is the direction of lower 
pressure, and the substances are being "pushed" by an area of higher pressure. 
Hence, "sucking" on a straw will produce no effect at all unless the surrounding 
atmosphere is allowed to push on the substance and cause motion. 
The use of the term vacuum is not entirely wrong. A vacuum is created in 
an area when all material (including air) is removed, and therefore refers to an 
area of extreme low pressure. Objects in areas surrounding a vacuum will be 
forced into the area of the vacuum because of the force exerted by the 
surrounding high pressure area. So, the use of the term vacuum at least directly 
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implies a difference in pressure, but a vacuum is not a common occurrence, and 
does not normally apply to drinking straws and vacuum cleaners. 
Suction has become a widely accepted term in society, and many people 
do not realize the correct scientific meaning of the word. For example, question 
number 10 on page A-3 describes a plane which has a hole torn it during flight. 
As soon as the hole appeared, the students are told, things started flying out of 
the hole. What caused this? Page C-10 summarizes some of the responses. 
Notice that less than one third of the elementary education students were able to 
correctly identify the correct answer as a difference in pressure, and nearly 56% 
of them chose a vacuum or suction. Similarly, nearly 38% of the secondary 
education students and 10% of the inservice teachers also identified a vacuum 
or suction as the cause. Although suction is a reasonable answer, the fact that 
it was chosen over the more scientifically accurate "pressure was differenr 
indicates that those responding do not have a clear conceptual u~derstanding 
of what the term suction is referring to. 
As with any misconception, ideas concerning the scientific basis of 
suction are sometimes unusual. A juvenile literature science book described 
areas of low pressure as areas of "rarefied air" which have "a suction effect" 
(Niese, 50). In a later discussion of Bernoulli's Principle, the same book 
described the "suction effect of an air stream" (Niese, 53). Teachers should 
always be wary of the casual use and misuse of scientific vocabulary, and 
should recognize that children's books often use their own original terms in order 
to "simplify" the material. 
Part of the confusion dealing with suction is linked to a misunderstanding 
of what pressure is. Pressure is defined as the ratio of force to area (force per 
unit of area), but students often do not grasp the concept of a ratio. 
Consequently, many students simply remember that pressure is related to force, 
and ignore the contributions of area to the ratio. Pages B-4 - B-5 give several 
student definitions of the term "pressure". Note that six of the seventeen 
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-definitions describe pressure as a type of force with no reference to area or a 
ratio of any type. Note also that three definitions refer to power or energy, two 
relate pressure to weight or gravity, and one mentions area independent of 
force. Students must understand that force and area are two interacting 
components of pressure and cannot be considered independently. Also evident 
in these definitions is a misrepresented link between pressure and energy. 
Before a teacher can effectively correct misconceptions concerning suction, she 
must first discover and correct misconceptions concerning pressure. 
Suggested Activities: 
Some of the following activities may be used to demonstrate to students the 
concepts of pressure and pressure differences. 
1. Show a video of a man on a "bed of nails" and discuss how this "trick" 
works. Why are there so many nails in the bed? Does it matter how closely 
spaced the nails are? Compare and contrast this with knives and paper cuts 
(large force, small area). 
2. During warmer weather, have students walk in the grass in high heels 
and then in tennis shoes. Why do the high heels sink into the ground? Have 
students trace their "footprints" while wearing each type of shoe. Ask them to 
approximate the traced area, find their weight, and then calculate the pressure 
exerted on the ground. Compare the pressure exerted by different types of 
shoes. How does area affect pressure? Similarly, have students wear the 
same pair of shoes but have them find their weight while holding additional 
masses. Again, calculate the pressure exerted for each weight. How does force 
affect pressure? 
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3. Discuss methods of canning, safety seals on jars of food, "vacuum 
packed" items and drinking straws. To demonstrate pressure differences, try the 
following experiment: Fill a glass with water and then cover the mouth with a 
small, stiff piece of paper or cardboard. Holding the paper in place, invert the 
glass. Let go of the paper and notice that the water does not fall out of the 
glass. Why?? This is due to a pressure difference, not suction. Some of the 
water is now between the card and the lip of the glass, giving the air in the glass 
a small amount of extra volume. The same amount of air now occupies a larger 
area, lowering the pressure inside the glass. Hence, the pressure outside of the 
glass is greater and "holds" the card in place. 
4. Many people associate the word "vacuum" with things getting smaller. 
In reality, creating a vacuum lowers pressure and allows things to expand and 
get larger. To demonstrate this, place a marshmallow or a pile of shaving cream 
in a vacuum chamber. Note that as the chamber is evacuated, the material 
expands due to the lower pressure. 
5. Investigate how a drinking straw works. Run a straw through a cork so 
that the straw fits snugly. Use the cork to seal a bottle filled with water. (Some 
stores sell corks for wine bottles which are fitted with small straws to be used as 
spouts. These work nicely.) Have a student try to drink the water through the 
straw. Why doesn't this work? Note that when the bottle is sealed, the 
atmosphere cannot push on the surface of the water in the bottle. This 
emphasizes the fact that "suction" is a pushing, not a pulling, force. (Hewitt, 288) 
6. Discuss pressure differences in relation to hand-operated water 
pumps, airplanes, and weather systems (highs, lows, winds, tornadoes, storms). 
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Rainbows 
A rainbow is another name for the spectrum created when sunlight is 
refracted by water vapor and mist in the atmosphere after a rainfall. Every 
rainbow is a continuous spectrum beginning with red at the top, and ending with 
violet on the bottom. The location of colors in a rainbow is precise and 
unvarying, and the name "Roy G. Biv" is a mnemonic device used by many to 
remember the ordering of the colors in a rainbow, or in any spectrum. This 
acronym stands for Red, Orange, Yellow, Green, Blue, Indigo, and Violet. White 
light (such as ordinary sunlight) contains all colors, but different colors of light 
have different wavelengths. When white light is refracted, each wavelength 
(color) it contains is bent at a different angle. Hence, the white light separates 
into a spectrum of individual colors. The wavelength of a particular color does 
not change, so each color is always refracted at the same angle, giving all 
rainbows the same ordering of colors. 
Many children's products and educational materials use rainbows to 
illustrate stories, decorate objects or represent concepts. Unfortunately, the 
rainbow is often misrepresented as a random arrangement of an arbitrary 
number of colors. In some cases, the ordering of the colors is simply reversed, 
but in many cases, the rainbows are just jumbles of colors. The packaging of 
"Skittles" candies is adorned with an incorrect rainbow, as is the beak of Toucan 
Sam on boxes of Fruit Loops. Children's toys are often the worst offenders. 
With such extensive abuse of the spectrum, the following results are not 
surprising. Page C-11 gives a summary of responses to the question "What 
color is on top of a rainbow?" Among elementary education students, 33.64% 
gave incorrect responses, 21.43% of the secondary education students 
responded incorrectly, as did 17.72% of inservice teachers. 
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Suggested Activities: 
In order to teach her students the correct ordering of colors in the 
spectrum, a teacher may want to try some of the following activities. 
1. Teach students the acronym Roy G. Biv. Younger children may even 
enjoy drawing this "person" and decorating his clothes with correct rainbows. 
2. Teach students how rainbows are created. For students too young to 
understand wavelength and refraction, talk about light being separated or sorted 
into its individual colors. Have students construct color wheels and observe how 
the colors "disappear" when it is spun. This will help them understand that 
"white" light is a collection of colored lights. 
3. Have students collect pictures of "rainbows" and classify them as 
correct or incorrect. Use these pictures for a bulletin board display. 
4. Have students collect pictures of creatures or objects in nature which 
are colored in the correct spectrum order (examples: parrots, exotic birds, 
certain minerals, oil spots in water puddles, bubbles, sunsets). Again, use these 
pictures for a bulletin board display. 
5. Follow a discussion about refraction and rainbows with a discussion 
about sunrises and sunsets. How are the phenomena alike and different? 
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Astrology vs. Astronomy 
The words "astrology" and "astronomy" are often confused due to the 
similarity of their pronunciations, but their definitions are by no means similar. 
Astronomy is defined as "the science of the stars and other heavenly bodies, 
their motion, position, size, etc."(Guralnik, 38) It is an ancient science which 
explores the origin, history, and state of the universe. Astrology, on the other 
hand, is defined as "a pseudoscience claiming to foretell the future by the 
supposed influence of the stars, planets, etc. on human affairs." (Guralnik, 38) It 
is not a recognized science, and upon investigation can easily be proven 
invalid. Unfortunately, newspapers and popular young adult magazines 
routinely publish horoscopes based upon astrological "signs" and 
interpretations. Additionally, television commercials for the "PhYSic Friends 
Network" and similar organizations lend credence to astrology through celebrity 
endorsements. As a result, many students and teachers alike hold faith in 
astrology and its predictions. 
Pages C-1- C-2 summarize responses to questions about Astrology. The 
results are as follows: 55.81% elementary education, 40.47% secondary 
education, and 37.03% of the inservice teachers believe that astrology has at 
least some ability to predict the future. Also, 59.83% elementary education, 
29.4% secondary education, and 16.04% of the inservice teachers responded 
that astrology is either a branch of astronomy or a basic science. 
In the classroom, a teacher needs to be careful about blatantly 
denouncing astrology. Many students are firm believers in horoscopes and will 
require proof from anyone who says otherwise. Students should not be ridiculed 
for believing in astrology, but an effort should be made, nonetheless, to 
demonstrate the fact that astrology has no basis in science. Ultimately, the 
most important goal of the teacher in this respect is to isolate astrology and 
astronomy, recognizing the two as distinct and disjoint. 
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Suggested Activities: 
In order to clearly distinguish between astrology and astronomy, some of 
the following activities may be used. 
1. Make sure that students understand the difference between the words 
astrology and astronomy. 
2. Explain to students why the stars appear to move, emphasizing the 
fact that the Earth is moving, not the stars. This should easily lead to a 
discussion concerning how the "movement" of the stars could predict the future. 
Explain the predictable movement of the planets and discuss how far away all of 
the celestial objects are. What type of gravitational influence do these objects 
really have on Earth?? Why would the stars affect different people at different 
times?? 
3. Have students keep a log of their horoscope for a week. How accurate 
were the predictions? 
Astrology 
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Survey author: Dr. James Watson, Jr. 
Department of Physics and Astronomy 
Ball State University 
Words 
As the semester progresses, you will encounter these words along our 
journey through FISIKS. Remember NEVER use a physics WORD unless we 
have defined it in class AND you know what it means in terms of Fis eeks. 
What do you think the physics meaning of the words below is? Give a 
brief definition in your own words (not copied from the book or notes). I want to 
know the first thing that comes to mind. Once we have discovered them, note 
the differences from what you expected. 
1. mass 
2. weight 
3. heavy object verses light object 
4. gravity 
5. friction 
6. balance 
7. compare speed vs velocity vs acceleration 
8. pressure 
9. float 
10. compare temperature vs heat 
A-1 
Survey author: Dr. James Watson, Jr. 
Department of Physics and Astronomy 
Ball State University 
What do you think? THIS IS NOT A TEST! Fill in your name and fill in the letters 
that correspond to the answers to the following: 
1. Astrology 
A. Predicts the future 
B. May predict the future 
C. Does not predict the future 
2. Astrology is 
A. A branch of astronomy 
B. A basic science 
C. Not a science 
3. The moon seems to change shape from night to night as viewed from Earth. 
What do you think best describes the reason for this change? 
A. Clouds blocked the Moon 
B. The Moon moves into the Earth's shadow 
C. The Moon moves around the Earth 
D. The Moon is black and white 
E. The Moon moves into the Sun's shadow 
4. What causes night and day? 
A. The Earth tums on its axis 
B. The Earth moves around the Sun 
C. The Moon blocks out the Sun's light 
D. The Earth moves into the Sun's shadow 
5. What causes seasons? 
A. The Earth's distance from the Sun 
B. The Earth's axis flipping back and forth as it travels around the Sun 
C. The Sun's motion around the Earth 
D. The Earth's axis always pointing in the same direction 
E. The shifting seasons on the Earth 
6. What does the term "forceD mean? 
A. Pressure 
B. Energy 
C. A push or pull 
D. Gravity 
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7. What does the "mass" of an object mean? 
A. Amount of an object 
B. Size of an object 
C. Space an object occupies 
D. Weight of object 
8. What does the "weight" of an object mean? 
A. Heavy or light 
B. Gravitational pull on an object 
C. Mass of an object 
D. How dense it is 
E. The size of an object 
9. What does the term "speed" mean? 
A. How fast or slow an object is moving 
B. Acceleration 
C. Change in distance with respect to time 
10. Recently in an airline accident, a hole suddenly appeared in the side of an 
airplane while it was in flight. The flight attendant and some of the stuff in the 
plane disappeared through it. What caused the things to go out the hole? 
A. Pressure was different 
B. Wind pulled them out 
C. Avacuum 
D. Gravitational pull to Earth 
E. Suction 
11. What color is on top of a rainbow? 
A. Red 
B. Violet 
C. Yellow 
D. It changes due to how much water vapor there is in the air 
E. It always varies 
12. Why do some things float in water while other things sink? 
A. mass is greater than the amount of water 
B. Some are lighter 
C. Buoyancy 
D. More air pockets 
E. More or less dense than water 
A-3 
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~ object 
lens 
Questions 13-15 
13. If the lens were removed, would anything change? 
A. No change, image upside down 
B. There would be no image 
C. The image would be right side up 
D. The image would be fuzzy 
14. If the top half of the lens were covered by a piece of cardboard, would 
anything change on the screen? 
A. Entire image remains, but is dimmer 
B. Half of the image vanishes 
C. It depends on whether the front upper half or the back upper half of 
the lens is covered 
15. If the screen were moved toward the lens, would anything change on the 
screen? 
A. No change 
B. Image changes size and becomes somewhat fuzzy 
C. Image changes size and remains clear 
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16. A ball is dropped. What are the relative speeds of the ball at position #1 
and position #2 some time later? 
A. #1 = #2 
B. #1 is larger than #2 
c. #2 is larger than #1 
17. A book is at rest on a table top. Which of the following force( s) is (are) 
acting on the book? 
A. A downward force due to gravity 
B. An upward force by the table 
C. A and B 
D. Since the book is at rest, there are no forces acting on it 
18. How far does gravity extend (have an effect)? 
A. At Earth's surface only 
B. To the edge of the atmosphere 
C. As far as the Moon 
D. As far as the Sun 
E. To infinity 
19. Is there gravity out in space? 
A. No 
B. Very little 
C. Yes 
D. Possibly 
A-S 
A COLLECTION OF SURVEY RESPONSES: P101 FALL 1994 
MASS 
The size compared to the weight of an object 
Volume of something in cubic centimeters 
The weight of an object 
The bulk or size of an object 
A body of something that has no specific shape 
The amount of space something takes up 
-
The amount of matter in an object - I think of weight 
The total area covered by an object 
One whole part of something 
How dense an object is 
Quantity of motion; movement 
Weight is what makes up mass 
The density of an object comparing it to its weight 
-
How much something weighs, normally measured in grams and deal with matter 
8-1 
GRAVITY 
What keeps you on the ground, and why you can't fly 
Pulling force created by earth rotation 
The feeling of being weightless. No object weighing anything 
The force that keeps us from floating in the air 
The thing that keeps everything in one place 
How much force is pulling down on you 
The pull of forces on an object 
The pull from the earth that keeps us form floating up 
Force of heaviness 
The earth's magnetic pull 
What keeps us on earth 
The pull of the atmosphere 
Found in Earth's atmosphere, pulls objects to the surface 
- The force/pull the earth has on objects in its atmosphere 
8-2 
The force that keeps us from floating away from the physics classroom 
What goes up must come down 
Magnetic pull in earth's atmosphere 
A force that surrounds an object and pulls the object to itself 
Weight 
-
8-3 
-PRESSURE 
Stored up energy waiting to explode 
The point at which 2 objects meet 
The thrust placed on an object and its space 
The amount of air in and pressing against an object 
The forces of two elements mixed 
The amount of force that two objects exert toward each other 
-
When strain, stress, and power occur 
The force you put on something 
Force that the weight of an object places on another object 
Term applied when two things come into contact 
The build-up of energy 
The pull of forces on us 
When force is trapped 
- Amount of gravity on an object 
8-4 
A force of any type that can move objects, make them bigger or smaller 
An atmospheric effect caused by different air compositions 
Air that is stuffed into a smaller area than it can cover 
-
-
8-5 
--
FLOAT 
Not having the effect of gravity 
Ability for an object to remain above the surface of water and not completely sink 
Staying up in the air - not sinking 
Air holes in an object enabling it to remain atop the water 
What happens to something when there is no gravity to hold it 
When gravity is high enough, an object can be forced into midair and remain 
suspended there 
The ability to be suspended by an element 
Rest on top of fluid 
Has very little density 
Not pulled to the earth 
No gravitational pull 
An object thats weight can withstand the gravitational pull 
Ability to stay on top of water's surface--Iess weight and more air inside an 
object 
8-6 
-An object that floats on top of another has a lower mass than the one it is 
floating on 
To suspend an object, almost like not having weight 
Idle, lifeless object with no weight or seemingly no weight 
When something is lighter than water 
When an object is balanced on the water 
When something glides or drifts along 
To be suspended in the air or on water seeming to defy gravity 
The buoyancy of an object 
Term used when an object has a hollow center and is weightless 
An object that uses surface tension to stay above the bottom of a liquid 
8-7 
') 
Astrology 
A. Predicts the future 
B. May predict the future 
C. Does not predict the future 
P101 f 92 P101 f 91 Total 
# # # % 
A 6 10 16 9.30 
B 38 42 80 46.51 
C 31 45 76 44.19 
S395 f 91 S395 s 90 Total 
# # # % 
A 2 2 4 9.52 
B 6 7 13 30.95 
C 13 12 25 59.52 
P580 su 92 P691 su 92 P693 su 92 P580 su 91 P691 su 91 Total 
# # # # # # % 
A 6 2 1 5 2 16 19.75 
B 0 4 3 0 7 14 17.28 
C 12 8 9 9 13 51 _~~.9~ 
-_._--
-----
c - 1 
) ) 
Astrology is 
A. A branch of astronomy 
B. A basic science 
C. Not a science 
[1>101 s93 Pl0l f 92 Pl0l f 91 Total 
# # # # % 
A 23 21 32 76 32.48 
B 18 19 27 64 27.35 
C 21 35 38 94 40.17 
S395 f 91 S395 s 90 Total 
# # # % 
A 3 4 7 17.5 
B 5 0 5 11.9 
C 13 17 30 71.43 
P580 su 92 P691 su 92 P693 su 92 P580 su 91 P691 su 91 Total 
# # # # # # % 
A 0 2 0 0 5 7 8.64 
B 0 1 2 0 3 6 7.4 
C 18 11 11 14 14 68 83.95 
C-2 
The moon seems to change shape from night to night as viewed from Earth. 
What do you think best describes the reason for this change? 
A. Clouds blocked the Moon 
B. The Moon moves into the Earth's shadow 
C. The Moon moves around the Earth 
D. The Moon is biack and white 
E. THe Moon moves into the Sun's shadow 
P101 f 94 P101 f 94 P101 s 94 
# # # 
A 1 2 2 
B 22 21 23 
C 20 19 20 
0 0 2 0 
E 25 23 19 
S395 f 91 S395 s 90 Total 
# # # % 
A 0 0 0 
B 11 9 20 
C 6 10 16 
0 1 0 1 
E 3 2 5 
P580 su 92 P691 su 92 P693 su 92 
# # # 
A 0 0 0 
B 3 3 5 
C 15 8 8 
0 0 0 0 
E 0 3 0 
P101 s 93 P101 f 92 P101 f 91 Total 
# # # # % 
0 5 6 16 3.7 
18 30 40 154 35.57 
17 20 19 115 26.56 
1 0 1 4 0.92 
26 20 31 144 33.26 
0 
47.62 
38.1 
2.38 
11.9 
P580 su 91 P691 su 91 Total 
# # # % 
0 0 0 0 
4 9 24 29.63 
9 9 49 60.4' 
0 0 0 0 
1 4 8 9.88 
C - 3 
) 
What causes night and day? 
A. The Earth turns on its axis 
B. The Earth moves around the Sun 
C. The Moon blocks out the Sun's light 
D. The Earth moves into the Sun's shadow 
E. The Sun goes around the Earth 
P101 s 93 P101 f 92 P101 f 91 Total 
# # # # % 
A 44 49 50 143 61.11 
B 14 16 40 70 29.91 
C 0 3 2 5 2.14 
D 0 1 4 5 2.14 
E 4 6 1 11 4.7 
S395 f 91 S395 s 90 Total 
# # # % 
A 15 19 34 80.95 
B 5 1 6 14.29 
C 0 0 0 0 
D 0 1 1 2.38 
E 1 0 1 2.38 j 
P580 su 92 P691 su 92 P693 su 92 P580 su 91 P691 su 91 Total I 
# # # # # # % I 
A 18 12 13 14 20 77 95.06 
B 0 1 0 0 1 2 2.47 
C 0 1 0 0 0 1 1.23 
D 0 0 0 0 0 0 0 
E 0 0 0 0 1 1 1.23 
----
C-4 
) 
What causes seasons? 
A. The Earth's distance from the Sun 
B. The Earth's axis flipping back and forth as it travels around the Sun 
C. The Sun's motion around the Earth 
D. The Earth's axis always pointing In the same direction 
E. The shifting seasons on the Earth 
P101 f 94 P101 f 94 P101 s 94 P101 s 93 P101 f 92 P101 f 91 Total 
# # # # # # # % 
A 17 27 27 32 34 54 191 44.11 
B 23 23 13 12 21 17 109 25.17 
C 10 6 8 8 6 6 44 10.16 
0 18 10 16 8 14 20 86 19.86 
E 0 1 0 2 0 0 3 0.69 
5395 f 91 5395 s 90 Total 
# # # % 
A 6 4 10 23.81 
B 7 5 12 28.57 
C 2 1 3 7.14 
0 6 11 17 40.48 
E 0 0 0 0 
P580 su 92 P691 su 92 P693 su 92 P580 su 91 P691 su 91 Total 
# # # # # # % 
A 0 1 0 1 7 9 11.11 
B 3 4 2 5 9 23 28.4 
C 0 2 0 0 0 2 2.47 
0 15 7 11 8 6 47 58.02 
E 
-
L___ _ __ 0 0 0 0 0 0 0 
C-5 
) 
What does the term "force" mean? 
A. Pressure 
B. Energy 
C. A push or pull 
D. Gravity 
P101 s 93 P101 f 92 P101 f 91 Total 
# # # # % 
A 11 10 13 34 14.53 
B 9 9 10 28 11.97 
C 38 53 67 158 67.52 
0 4 3 7 14 5.98 
5395 f 91 5395 s 90 Total I 
# # # % 
A 1 2 3 7.14 
B 7 0 7 9.52 
C 12 19 31 73.8 
0 1 0 1 2.38 
P691 su 92 P693 su 92 P691 su 91 Total 
# # # # % 
A 2 0 1 3 6.12 
B 0 1 4 5 10.2 
C 11 11 17 39 79.59 
0 1 1 0 2 4.08 
-
C-6 
) 
What does the wmassw of an object mean? 
A. Amount of object 
B. Size of object 
C. Space an object occupies 
D. Weight of object 
P101 f94 P101 f94 P101 s 94 P101 s 93 P101 f 92 P101 f 91 Total 
# # # # # # # % 
A 10 14 7 9 5 29 74 17.09 
B 3 2 2 3 2 3 15 3.46 
C 34 31 36 35 47 47 230 53.12 
D 21 20 19 15 21 18 114 26.33 
S395 f 91 S395 s 90 Total 
# # # % 
A 11 11 22 52.38 
B 0 2 2 4.76 
C 4 4 8 19.05 
D 6 4 10 23.81 
P691 su 92 P693 su 92 P691 su 91 Total 
# ., ., # % 
A 12 12 12 36 73.47 
B 0 0 2 2 4.08 
C 1 0 6 7 14.29 
~- 1 ---_ ... - 1 . 2 4 8.16 
C -7 
What does the -weight- of an object mean? 
A. Heavy or light 
B. Gravitational pull on an object 
c. Mass of an object 
D. How dense it is 
E. The size of an object 
P101 f 94 P101 f94 
# # 
A 16 19 
B 31 31 
C 10 6 
D 10 11 
E 0 0 
5395 f91 5395 s 90 
# # 
A 2 2 
B 14 17 
C 4 2 
D 1 0 
E 0 0 
P691 su 92 P693 su 92 
# # 
A 0 1 
B 12 12 
C 1 0 
D 1 0 
E 0 0 
P101 s 94 
# 
24 
27 
5 
8 
0 
Total 
# 
4 
31 
6 
1 
0 
P691 su 91 
# 
1 
20 
0 
1 
---
~- ~ 
) 
P101 s93 P101 f 92 [p101 F 91 Total 
# # # # % 
31 20 35 145 33.56 
19 35 40 183 42.36 
2 7 7 37 8.56 
9 13 15 66 15.28 
1 0 0 1 0.23 
% 
9.52 
73.81 
14.29 
2.38 
0 
Total , 
# %. 
i 
2 4.08 
44 89.8 
1 2.04 
2 4.08 
0 0 
-- ----- -- -------
C - 8 
) ) ) 
What does the term "speed" mean? 
A. How fast or slow an object is moving 
B. Acceleration 
C. Change in distance with respect to time 
P101 s 93 P101 f 92 p101 F 91 Total 
# I#. I#. # % 
A 23 29 48 100 42.92 
B 10 3 5 18 7.73 
C 29 42 44 115 49.36 
8395 f91 8395 s 90 Total 
# # # % 
A 9 5 14 28 
B 2 2 4 8 
C 18 14 32 64 
P691 su 92 P693 su 92 P691 su 91 Total 
# I#. I#. # % 
A 4 2 3 9 18.37 
B 9 0 2 11 22.45 
C 1 11 17 29 59.18 
C-9 
Recently in an airline accident, a hole suddenly appeared in the side of an airplane while it was in flight. 
The flight attendant and some of the stuff in the plane disappeared through it. What caused the things to 
go out the hole? 
A. Pressure was different 
B. Wind pulled them out 
C. A vacuum 
D. Gravitational pull to Earth 
E. Suction 
P101 f94 P101 f 94 P101 s 94 P101 s 93 P101 f 92 
# # # # # 
A 18 25 17 20 27 
B 1 0 1 2 1 
C 26 30 37 20 26 
0 7 5 2 7 11 
E 15 7 7 13 10 
S395 f 91 S395 s 90 Total 
# # # % 
A 11 15 26 61.9 
B 0 0 0 0 
C 10 4 14 33.33 
0 0 0 0 0 
E 0 2 2 4.76 
P691 su 92 P693 su 92 P691 su 91 Total 
# # # # % 
A 14 13 16 43 87.76 
B 0 0 0 0 0 
C 0 0 3 3 6.12 
0 0 0 1 1 2.04 
E 0 0 2 2 4.08 
--- ---
C -10 
Ip101 F 91 Total 
# # % 
30 137 31.71 
1 6 1.39 
30 169 39.12 
17 49 11.34 
19 71 16.44 
What c%r is on top of a rainbow? 
A. Red 
B. Violet 
C. Yellow 
D. It changes due to how much water vapor there is in the air. 
E. It always varies. 
P101 f94 P101 f94 P101 s 94 P101 s 93 P101 f 92 ID101 F91 Total 
tf. tf. tf. tf. tf. tf. tf. % 
A 42 40 39 34 38 93 286 66.36 
B 10 10 10 12 10 2 54 12.53 
C 0 1 3 2 8 0 14 3.25 
0 11 12 11 8 16 0 58 13.46 
E 4 4 1 6 3 1 19 4.41 
8395 f 91 8395 s 90 Total 
tf. tf. tf. % 
A 15 18 33 78.57 
B 4 2 6 14.29 
C 0 0 0 0 
0 2 1 3 7.14 
E 0 0 0 0 
P580 su 92 P691 su 92 P693 su 92 P580 su 91 P691 su 91 Total 
tf. tf. tf. tf. tf. tf. % 
A 15 12 10 11 17 65 82.28 
B 3 2 2 2 2 11 13.92 
C 0 0 0 0 0 0 0 
0 0 0 1 1 1 3 3.8 
,E 0 0 0 0 0 0 0 
-_._-
C -11 
) ) 
~y do some things float in water while other things sink? 
A. Mass is greater than the amount of water 
B. Some are lighter 
C. Buoyancy 
D. More air pockets 
E. More or less dense than water 
P101 s 93 P101 f 92 ~101 F 91 Total 
# # # # % 
A 8 3 6 17 7.33 
B 1 2 3 6 2.59 
C 11 23 29 63 27.16 
D 3 2 6 11 4.74 
E 38 45 52 135 58.19 
S395 f 91 S395 s 90 Total 
# # # % 
A 0 0 0 0 
B 0 0 0 0 
C 6 6 12 28.57 
D 0 0 0 0 
E 15 15 30 71.43 
P691 su 92 P693 su 92 P691 su 91 Total 
# # # # % 
A 0 0 0 0 0 
B 0 0 0 0 0 
IC 3 4 2 9 18.37 
!D 0 0 0 0 0 
E 11 
- -~- ~ --- ___ 20 -- -- 40 "----------,-1.63 i 
C - 12 
) 
If the lens were removed, would anything change? 
II I~m~. ___ .. __ ._ .. _. ~ ~ 1\ screen I 
- I 
- ' 
A. No change, image upside down 
B. There would be no image 
C. The image would be right side up 
D. The image would be fuzzy 
--
_____ obled ~-. 
lena 
P101 s 93 P101 f 92 IP101 F 91 Total 
# # # # % 
A 9 6 8 23 10 
B 8 20 30 58 25.22 
C 37 41 48 126 54.78 
0 5 7 11 23 10 
5395 f91 5395s90 Total 
# # # % 
A 2 1 3 6.67 
B 5 9 14 31.11 
C 15 7 22 48.89 
0 2 4 6 13.33 
P691 su 92 P693 su 92 P691 su 91 Total 
# # # # % 
A 0 0 1 1 2.04 
B 6 8 10 24 48.98 
C 8 4 9 21 42.861 
0 0 ~-- - 1 2 3 6.12: 
C -13 
If the top half of the lens were covered by a piece of cardboard, would anything change on the screen? 
A. Entire image remains, but is dimmer 
B. Half of the image vanishes 
C. It depends on whether the front upper half or the back upper half of the lens is covered 
~i . . ...... -~ I~ 
~~ ~_F 
object 
lens 
P101 f94 P101 f94 P101 s 94 P101 s 93 P101 f 92 p101 F 91 Total 
# # # # # # # % 
A 10 15 14 10 15 4 68 19.32 
B 35 25 34 35 41 16 186 52.84 
C 22 27 16 14 17 2 98 27.84 
S395 f91 S395 s90 Total 
# # # % 
A 4 3 7 16.67 
B 15 12 27 64.29 
C 2 6 8 19.05 
P691 su 92 P693 su 92 P691 su 91 Total 
# # # # % 
A 6 10 4 20 40.82 
B 5 3 16 24 48.98 
~- 3 
--
0 2 5 10.2 
----
C -14 
If the screen were moved toward the lens, would anything change on the screen? 
A. No change 
B. Image changes size and becomes somewhat fuzzy 
C. Image changes size and remains clear 
I ~ .~m III ~~ ~. 
ollied 
lens 
P101 f 92 Ip101 F 91 Total 
# # # % 
A 3 8 11 6.51 
B 53 62 115 68.06 
C 16 27 43 25.44 
S395 f 91 S395 s 90 Total 
# # t# % 
A 1 9 10 23.81 
B 18 5 23 54.76 
C 2 7 9 21.43 
P691 su 92 P693 su 92 P691 su 91 Total 
# # # # % 
A 0 1 1 2 4.08 
B 11 9 14 34 69.39 
C 3 3 7 13 26.53 
C - 15 
) 
A ball is dropped. What are the relative speeds of the ball at post ion #1 and position #2 some time later? 
The speed of 
A. #1 = #2 
B. #1 is larger than #2 
C. #2 is larger than #1 
P101 s 93 
# 
A 8 
B 17 
C 33 
5395 f91 
# 
A 7 
B 0 
C 14 
P691 su 92 
# 
A 6 
B 0 
C 8 
P101 f92 
# 
28 
13 
32 
5395 s 90 
.,. 
0 
19 
2 
P693 su 92 
# 
0 
0 
---~ 
IF: 
1 
e 
spee~-:~ 
.1 
.2 
P101 f91 Total I 
# # % 
20 56 24.56 
9 39 17.11 
68 133 58.33 
Total 
# % 
7 16.67 
19 45.24 
16 38.1 
P691 su 91 Total 
# # % 
5 11 22.45 
1 1 2.04 
16 37 75.51 
--
-
C -16 
) 
) 
A book is at rest on a table top. Which of the following force(s) is (are) acting on the book? 
A. A downward force due to gravity 
B. An upward force by the table 
C. Aand B 
D. Since the book is at rest, there are no forces acting on it 
P101 f 94 P101 f 94 P101 s 94 P101 s 93 Total 
# # # # # % 
A 40 36 38 31 145 56.64 
B 1 3 2 6 12 4.69 
C 21 25 18 19 83 32.42 
0 5 3 ~ ~---- 3 ~ L-__ 6.2~ 
-------- -
~-.--~ 
C -17 
) ) 
How far does gravity extend (have an effect)? 
A. At Earth's surface only 
B. To the edge of the atmosphere 
C. As far as the Moon 
D. As far as the Sun 
E. To infinity 
P101 f 94 P101 f94 P101 s 94 P101 s 93 P101 f 92 P101 f 91 Total 
# # # # # # # % 
A 8 5 8 6 6 13 46 10.67 
B 43 41 39 41 46 59 269 62.4 
C 4 2 3 2 5 11 27 6.26 
D 3 0 2 0 0 1 6 1.39 
E 10 19 12 13 16 13 83 19.26 
S395 f 91 
# % 
A 1 4.76 
B 8 38.1 
C 1 4.76 
D 2 9.52 
E 9 42.86 
P580 su 92 P691 su 92 P693 su 92 P580 su 91 P691 su 91 Total 
# # # # # t# % 
A 0 0 0 0 0 0 0 
B 0 0 0 1 5 6 7.41 
C 1 1 0 0 0 2 2.47 
D 0 0 0 1 0 1 1.23 
E 17 13 13 12 17 72 88.89 
- - ----
C -18 
) ) 
Is there gravity out in space? 
A. No 
B. Very little 
C. Yes 
D. Possibly 
P101 s 93 P101 f 92 P101 f 91 Total 
# # # # % 
A 41 52 73 166 70.94 
B 13 16 18 47 20.09 
C 7 6 6 19 8.12 
0 1 1 0 2 0.85 
P580 su 92 P691 su 92 P693 su 92 P580 su 91 P691 su 91 Total 
# # # # # # % 
A 2 1 2 2 4 11 13.58 
B 7 3 6 2 3 21 25.93 
C 9 10 5 10 15 49 60.49 
0 0 0 0 0 0 0 0 
-~--- - ~ 
-------
--.---.---~ 
c -19 
--
